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DEPARTMENT OF THE ARMY

NEW ENGLAND DIVISION. CORPS OF ENGINEERS
424 TRAPELO ROAD
WALTHAM, MASSACHUSETTS 02254

REPLY TO MAY 2 6 1301
ARBRY 1N oF:

Honorable William A. 0°Neill
Governor of the State of Connecticut
State Capitol

Hartford, Connecticut 06115

Dear Governor O“Neill:

Inclosed is a copy of the Shenipsit Dam (CT-00482) Phase I Inspection
Report, which was prepared under the National Program for Inspection of
Non-Federal Dams. This report is presented for your use and is based
upon a visual inspection, a review of the past performance and a brief
hydrological study of the dam. A brief assessment is included at the
beginning of the report. I have approved the report and support the
findings and recommendations described in Section 7 and ask that you
keep me informed of the actions taken to implement them. This follow-up
action is a vitally important part of this program.

A copy of this report has been forwarded to the Department of Environ-
mental Protection, the owner and cooperating agency for the State of
Connecticut.

Copies of this report will be made available to the public, upon
request, by this office under the Freedom of Information Act. In the
case of this report the release date will be thirty days from the date
of this letter.

I wish to take this opportunity to thank you and the Department of
Environmental Protection for your cooperation in carrying out this

program.
Sincerely, Accession For
NTIS GRA&I j{"__
DTIC TAB r
Unannounced
Justification____ _ _
Incl C. E. EDGAR, III R
As stated Colonel, Corps of Engineers

Division Engineer By
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BRIEF ASSESSMENT
PHASE 1 INSPECTION REPORT

NATIONAL PROGRAM OF INSPECTION OF DAMS

Name of Dam: SHENIPSIT DAM

Inventory Number: CT 00482

State: CONNECTICUT

County: TOLLAND

Town: STAFFORD

Stream: TRIBUTARY TO MIDDLE RIVER
Owner: STATE OF CONNECTICUT

Date of Inspection: AUGUST 21, 1980
Inspection Team: PETER HEYNEN, P.E.

HECTOR MORENO, P.E.
ERIC TEALE, P.E.
THEODORE STEVENS
ANTHONY BELLA

The project, completed in 1961, is an earth embankment approxi-
mately 390 feet in length with an emergency spillway at its left
end. It is a flood control project approximately 28.5 feet in
height and capable of impounding approximately 520 acre-feet of
water, The principal spillway is a drop inlet type structure
consisting of a reinforced concrete riser with a 24 inch diameter
reinforced concrete outlet pipe through the dam. The grass-
bottomed emergency spillway channel is cut into natural ground at
the left end of the dam and has a crest length of 125 feet. The top
and slopes of the dam are grass covered, with a filter drain at the
toe of the downstream slope.:

In accordance with the U.S. Army Corps of Engineers guidelines,
Shenipsit Dam is classified as a high hazard, small size dam. The
test flood for the Shenipsit Dam is equivalent to the % PMF. Peak
inflow to the pond at test flood is 1150 cubic feet per second
(cfs); peak outflow is 350 cfs with the dam maintaining a freeboard
of 4.0 feet. The spillway capacity with the pond level to the top
of the dam is 4700 cfs, which is equivalent to 1300% of the routed
test flood outflow..

Based upon the visual inspection and past performance, the dam
is judged to be in good condition. No evidence of instability was
observed in the project. There are some remedial measures, such as
filling of large holes in the "waste areas" adjacent to the dam, re-
establishment of grassy vegetation in the vehicle tracks on the top
of the dam, and institution of a biennial inspection program, which
require attention.
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The remedial and maintenance measures presented in Section 7.3
should be instituted within two years of the owner's receipt of
this report.

‘ R \\\“

er M\ yneh, R.E.
Project Manager - Geotechnic
Cahn Engineers, Inc.

Ch1ef Engineer
Cahn Engineers, Inc.
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This Phase I Inspection Report on Shenipsit Dam (CT-00482)
has been revieved by the undersigned Reviev Board members. Ip our
opinion, the reported findings, conclusions, and recommendstions are

consistent with the Recommended Guidelines for Safety Imspection of
Dams, and vith good engineering judgment and practice, and 1is heredy
submitted for approval.

z /
ARAMAST MAHTESIAN, MEMBER

Geotechnical Engineering Branch
Engineering Division

Gy 1 T

CARNEY M. TERZIAN, MEMBER
Design Branch .
Engineering Division

RICHARD DIBUONO, CHAIRMAN
Water Control Branch
Engineering Division

APPROVAL RECOMMENRDED:

EE%! 3. FRIAR , ;

Chief, Engineering Division
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PREFACE

This report is prepared under guidance contained in the Recom-~
mended Guidelines for Safety Inspection of Dams, for Phase 1
Investigations. Copies of these guidelines may be obtained from
the Office of Chief of Engineers, Washington, D.C. 20314. The
purpose of a Phase I Investigation is to identify expeditiously
those dams which may pose hazards to human life or property. The
assessment of the general condition of the dam is based upon
available data and visual inspection. Detailed investigation, and
analyses involving topographic mapping, subsurface investigations,
testing, and detailed computational evaluations are beyond the
scope of a Phase I Investigation; however, the investigation is
intended to identify any need for such studies.

In reviewing this report, it should be realized that the
reported condition of the dam is based on observations of field
conditions at the time of inspection along with data available to
the inspection team. 1In cases where the reservoir was lowered or
drained prior to inspection, such action, while improving the
stability and safety of the dam, removes the normal load on the
structure and may obscure certain conditions which might otherwise
be detectable if inspected under the normal operating environment
of the structure.

It is important to note that the condition of a dam depends on
numerous and constantly changing internal and external conditions,
and is evolutionary in nature. It would be incorrect to assume that
the present condition of the dam would necessarily represent the
condition of the dam at some point in the future. Only through
continued care and inspection can there be any chance that unsafe
conditions will be detected.

Phase I inspections are not intended to provide detailed
hydrologic and hydraulic analyses. 1In accordance with the esta-
blished Guidelines, the Spillway Test Flood is based on the esti-
mated "Probable Maximum Flood" for the region (greatest reasonably
possible storm runoff), or fractions there of. Because of the
magnitude and rarity of such a storm event, a finding that a
spillway will not pass the test flood should not be interpreted as
neccessarily posing a highly inadequate condition. The test flood
provides a measure of relative spillway capacity and serves as an
aid in determining the need for more detailed hydrologic and
hydraulic studies, considering the size of the dam, its general
condition and the downstream damage potential.

iv
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The Phase I Investigation does not include an assessment of the
need for fences, gates, no-trespassing signs, repairs to existing
fences and railings and other items which may be needed to minimize
trespass and provide greater security for the facility and safety
to the public. An evaluation of the project for compliance with
OSHA rules and regulations is also excluded.

The information contained in this report is based on the
limited investigation described above and 1is not warranted to
indicate the actual condition of the dam. The integrity of the dam
can only be determined by a means of a monitoring program and/or a
detailed physical investigation. The accuracy of available data is
assumed where not in obvious conflict with facts observable during
the visual inspection.
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PHASE I INSPECTION REPORT
SHENIPSIT DAM

SECTION I - PROJECT INFORMATION

1.1 GENERAL

a. Authority - Public Law 92-367, August 8, 1972, authorized
the Secretary of the Army, through the Corps of Engineers, to
initiate a National Program of Dam Inspection throughout the United
States. The New England Division of the Corps of Engineers has been
assigned the responsibility of supervising the inspection of dams
within the New England Region. Cahn Engineers, Inc. has been
retained by the New England Division to inspect and report on
selected dams in the State of Connecticut. Authorization and
notice to proceed were issued to Cahn Engineers, Inc. under a
letter of April 14, 1980 from William E. Hodgson, Jr., Colonel,
Corps of Engineers. Contract No. DACW 33-80-C-0052 has been
assigned by the Corps of Engineers for this work.

b. Purpose of Inspection Program - The purposes of the program
are to:

1. Perform technical inspection and evaluation of non-federal
dams to identify conditions requiring correction in a
timely manner by non-federal interests.

2. Encourage and prepare the States to quickly initiate
effective dam inspection programs for non-iederal dam.

3. To update, verify and complete the National Inventory of
Dams.

c. Scope of Inspection Program - The scope of this pPhase 1I
inspection report includes:

l. Gathering, reviewing and presenting all available data as
can be obtained from the owners, previous owners, the state
and other associated parties.

2. A field inspection of the facility detailing the visual
condition of the dam, embankments and appurtenant
structures.

3. Computations concerning the hydraulics and hydrology of the
facility and its relationship to the calculated flood
through the existing spillway.

4. An assessment of the condition of the facility and cor-
rective measures required.

It should be noted that this report passes judgment only on
those factors of safety and stability which can be determined by a
visual surface examination., The inspection is to identify those
visually apparent features of the dam which evidence the need for
corrective action and/or further study and investigation.

1-1
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1.2 DESCRIPTION OF PROJECT

a. Location - The dam is located on an unnamed tributary to
the Middle River of the Thames River Basin in a rural area of the
Town of Stafford, County of Tolland, State of Connecticut. The
project is shown on the %}afford Spring USGS Quadgangle Map, having
coordinates latitude N41°58.6' and longitude W72720.1°'.

b. Description of Dam and Appurtenances ~ As shown on Sheets
B-1 and B-2, the dam is an earth embankment approximately 390 feet
long and 28.5 feet high. The dam has a top elevation of 556.2 and a
top width of 12 feet. The upstream slope is covered with grass and
Chemung Crown Vetch and is inclined at 3 horizontal to 1 vertical.
The downstream slope, also vegetated with grass and Chemung Crown
Vetch is inclined at 2 horizontal to 1 vertical and contains a toe
drain.

The principal spillway is a concrete drop inlet structure
located near the center of the dam at the toe of the upstream slope.
The spillway crest, at elevation 537.0, has a total length of 12
feet and is protected by a galvanized steel trash rack. The
upstream end of a 24 inch reinforced concrete pipe, at invert
elevation 532.0, joins the bottom of the drop inlet shaft. The pipe
outlets at the downstream toe of the dam, at invert elevation
530.0. The low level intake, at invert elevation 532.0, 1is a 12
inch diameter opening in the upstream face of the intake structure,
however the sluice gate for this intake has been removed.

The emergency spillway is cut into natural ground at the
left end of the dam. The approach channel, control section, and
discharge channel are grass covered, with a high natural embankment
to the left and a low earthfill embankment to the right. The
control section, or crest, at elevation 551.4, is 125 feet long and
30 feet wide with an approach channel slope of 2% and a discharge
channel slope of 2.84s%.

c. Size Classification - (SMALL) - The dam is 28.5 feet high
and, with the reservoir level to the top of the dam, impounds
approximately 520 acre-feet of water. According to recommended
guidelines, a dam of this height and storage capacity is classified
as small in size.

d. Hazard Classification - (HIGH) - If the dam were breached,
there is potential for loss of more than a few lives at two
residences and three commercial structures approximately 2000 feet
downstream of the dam at the intersection of Route 190 and Orcutt-
ville Road.

e. Ownership- State of Connecticut
Department of Environmental Protection
Division of Conservation and Preservation
Region 3 Headquarters
Marlborough, Ct. 06420
(203) 295-9523
Mr. John Spencer
Mr. Charles Phillips

1-2




The dam has been under the ownership of the State of
Connecticut since its construction in 1960.

f. Operator - Mr. Lawrence Lucay
Maintenance Supervisor
Shenipsit State Forest Headquarters
West Stafford, Ct. 06075
(203) 684-3430

g. Purpose of Dam - Flood Control. ‘The dam is part of the
Furnace Brook - Middle River flood prevention project and reduces
peak flows into the Middle River.

h. Design and Construction History - The dam was designed by
the Soil Conservation Service in 1959 and constructed by the State
of Connecticut in 1960.

i. Normal Operational Procedures - There are no operating
facilities at the dam; therefore there are no operational
procedures.

1.3 PERTINENT DATA

a. Drainage Area - The drainage area is 1.0 square mile of
undeveloped, wooded, rolling terrain.

b. Discharge at Damsite - Discharge is through the 12 inch
low-level outlet, over the principal spillway and over the
emergency Spillway.

1. Outlet Works (Conduits)
12 inch low-level outlet

@ invert el. 532.0: 10+ cfs (pond level

to test flood el. 552.2)

2., Maximum flood at damsite: Not known
3. Principal spillway capacity

@ top of dam el. 556.2: 60 cfs
4. Emergency spillway capacity

@ top of dam el. 556.2: 4640 cfs
5. Principal spillway capacity

@ test flood el. 552.2: 60 cfs
6. Emergency spillway capacity

@ test flood el. 552.2: 290 cfs
7. Gated spillway capacity @

normal pool: N/A
8. Gated spillway capacity @

test flood: N/A

1-3
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b 9. Total spillway capacity @
test flood el. 552.2: 350 cfs
10. Total project discharge @
top of dam el. 556.2: 4700 cfs
. 11. Total project discharge @
' test flood el. 552.2: 350 cfs
c. Elevations - Elevations are on National Geodetic Vertical
Datum (NGVD), as shown on existing drawings.
- 1. Streambed at toe of dam: ' 529.0
2. Bottom of cutoff: Not known
- 3. Maximum tailwater: Not known
4. Normal pool: N/A
5. Full flood control pool: 551.4
. 6. Spillway crest (ungated)
[ Principal spillway: 537.0
Emergency spillway: 551.4
7. Design surcharge
(original design): 554.4
' 8. Top of dam: 556.2 to 557.5
9. Test flood surcharge: 552.2
d. Reservoir Length
- 1. Normal pool: N/A
2. Flood control pool: 3,900+ f¢t.
3. sSpillway crest pool
Principal spillway: 1,500+ ft.
Emergency spillway: 3,900+ f¢t.
4. Top of dam pool: 4,800+ ft.
| 5. Test flood pool: 4,000+ ft.
°
e. Reservoir Storage 3
1. Normal pool: N/A
, 2. Flood control pool: 340+ acre-feet
L »
3. Spillway crest pool
Principal spillway: 40+ acre-feet
Emergency spillway: 340+ acre-feet
4. Top of dam pool: 520+ acre-feet 1
L - [ ]
1




2.
3.
4.

Test flood pool:

Reservoir Surface

Normal pool:
Flood control pool:

Spillway crest pool

Principal spillway:
Emergency spillway:

Top of dam pool:
Test flood pool:
Dam

Type:

Length:

Height:

Top width:

Side slopes:

Zoning:
Impervious core:
Cutoff:

Grout curtain:
Other:

Diversion and Regulating Tunnel

Spillways
Principal Spillway

Type:

Length of weir:
Crest elevation:

Gates:

1-5

370+ acre-feet

N/A
29+

12+
29+

48+
32+

Earth embankment

390

acres

acres
acres

acres

acres

ft.

28.5 ft.

12 ft.

3H to 1V upstream
2H to 1V downstream

N/A
N/A
N/A
N/A
Toe

N/A

Concrete drop inlet to
24" outlet pipe

drain

12.0 f¢t.

537.

N/A

)
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Upstream channel:

Downstream channel:

General:

Emergency Spillway

Type

Length of weir (control section):
Crest Elevation:

Gates:

Upstream channel:

Downstream channel:

General:

Requlating Outlets

Low-level inlet to principal spillway
Invert:
Size:

Description:

Control mechanism:

Other:

1-6

5 feet wide at bottom
with 2H to 1V side
slopes

8 feet wide at bottom,
with 2H to 1V side
slopes

Galvanized steel
pipe trash rack

Channel cut into
natural ground

125 f¢t.

551.4

N/A

Grassed, 2% slope
Grassed, 2.84% slope

30 ft. wide trapezoidal
control section

532.0

12 in. dia.

orifice in upstream
face of spillway
structure

None

N/A

-




SECTION 2: ENGINEERING DATA

2.1 DESIGN DATA

The available design data consists of design drawings, Work
Plan for Watershed Protection & Flood Prevention: Furnace Brook -
Middle River Watershed, and "Information Storage and Retrieval -
Dams Planned and Constructed by SCS" from the Soil Conservation
Service, and correspondence concerning design of the project. (See
Appendix B).

2.2 CONSTRUCTION DATA

The available construction data consists of construction speci-
fications and construction inspection reports. Some minor revi-
sions are shown on the design drawings, which have been marked "as-
built".

2.3 OPERATIONS
No formal operations records are known to exist.

2.4 EVALUATION OF DATA

a. Availability - Available data was provided by the State of
Connecticut and the Soil Conservation Service. The owner made the
project available for visual inspection.

b. Adequacy - Since detailed as-built drawings are available,
the assessment of the project may be based on a review of these
drawings, visual inspection, performance history, hydraulic com-
putations of spillway capacity, and hydrologic estimates.

c. Validity - A comparison of record data and visual observa-
tions reveals no significant discrepancies in the record data.

k., .o .
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SECTION 3: VISUAL INSPECTION

3.1 FINDINGS

a. General - The project is in good condition. The inspection
indicated that the project is in need of little maintenance beyond
that which is normally performed. At the time of inspection, the
upstream water level was at elevation 532.2+; i.e. 0.2 feet above
the invert of the low-level intake pipe.

b. Dam

Top of Dam - The top of the dam is in good condition
(Photo 1). Grass cover is good, except for the vehicle tracks which
run the length of the dam. It was noted that the top of the dam
slopes slightly from elevation 557.5+, near 1its center, to
elevation 556.2+ near its left end (See Appendix D-2).

Upstream slope - The upstream slope is in good condition
(Photo 2). Vegetative cover is good and there were no signs of
erosion or sloughing.

Downstream Slope -~ The downstream slope is in good
condition with good vegetative cover (Overview Photo). There were
no signs of erosion or sloughing, but one animal burrow was
observed approximately 2 feet below the top of the dam and 20 feet
to the left of the spillway conduit.

The toe drain outlets are clear of debris and appear to
be in good condition. A flow of approximately 0.1 gallon per minute
was observed at the right outlet pipe (Photo 3) and a smaller flow
was observed at the left outlet pipe. All discharges are clear of
sediments, though rust staining was observed.

Spillways - The principal spillway intake structure is in
good condition (photo 4). Trash racks are in good condition and
clear of debris. Very minor spalling of the intake structure was
noted. Observed from its downstream end, the 24 inch spillway
discharge conduit appears to be in good condition (Photo 5).

The emergency spillway is in good condition, with good
grass cover on the channel bottom and side embankments (Photo 6).

c. Appurtenant Structures - There are no appurtenant
structures. The sluice gate for the 12 inch low-level outlet pipe
has been removed and the normal streamflow is accommodated by this
pipe (Photo 7).

Soils which were excavated for the dam foundation and
emergency spillway were deposited in spoil piles to either side of
the downstream channel, The native soil in the area is a
hetergeneous glacial till containing many large boulders. It
appears that settlement of the finer grained constituents of the
till has occured, probably due to voids between boulders present




during placement of waste materials. This has resulted in several
holes of up to 4 feet in diameter and greater than 6 feet in depth
(Photo 8). While this condition does not affect the performance of
the dam, it could be very hazardous to anyone walking in the area.

d. Reservoir Area - The area where the flood control pool
would be impounded is cleared and contains many large boulders.
The area surrounding the flood control impoundment is densely
wooded.

e. Downstream Channel - The downstream channel is the
natural streambed which passes through a wooded, swampy area to the
initial impact area.

3.2 EVALUATION

Based upon the visual inspection, the project is assessed as
being in good condition. The manner in which the features
identified in Section 3.1 could affect the future condition and/or
stability of the project is as follows.

1. Further vehicular traffic across the dam could kill more
grass, making the top of the dam suceptible to surface
erosion.

2. Animal burrows could provide seepage paths through the dam
which could cause internal erosion of the dam.

3. The holes in the waste areas downstream of the dam pose a
hazard to persons walking in the area.
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SECTION 4: OPERATIONAL AND MAINTENANCE PROCEDURES

4.1 OPERATIONAL PROCEDURES

a. General - There are no operating facilities at the project,
thus there are no operational procedures.

b. Description of Any Warning System in Effect - No warning
system is in effect.

4.2 MAINTENANCE PROCEDURES

a. General - The operator inspects the dam site periodically
and performs regular maintenance. He checks for and destroys any
burrowing animals in the embankment and clears debris out of the
spillway intake structure and toe drain outlets. Brush and
saplings on the embankment are removed yearly. The grass and vetch

on the dam is fertilized, usually once a year, but is not normally
mowed.

b. Operating Facilities - There are no operating facilities,

4.3 EVALUATION

The maintenance procedures are good and there is no need for
any operational procedures. The maintenance procedures should be
formalized, including documentation to provide records for future

reference. Remedial maintenance procedures are presented in
Section 7.3.




SECTION 5: EVALUATION OF HYDRAULIC/HYDROLOGIC FEATURES

5.1 GENERAL

IE The Shenipsit Dam watershed is 1.0 square mile of rolling )
wooded terrain. The dam is presently used as a flood control
reservoir and is normally kept empty.

The dam is an earth embankment with a principal conduit spill-
way and an adjacent depressed earth section which serves as an
I emergency spillway. It is basically a high surcharge storage - low '
.- spillage type project. The available storage reduces the outflow
from a Probable Maximum Flood (PMF) of 2300 cubic feet per second
; (cfs) to 1400 cfs and the % PMF outflow from 1150 cfs to 350 cfs.

. 5.2 DESIGN DATA

The design storm for the project was the storm of August 18-19,
1955 (B-4, B-5). It appears that the dam was designed to retain 2
feet of freeboard with the water level to the design surcharge (B-
11, B-13). However, no computations could be found for the
original design of the dam. The "as built" copy of the original .
construction drawings prepared in 1959 by the U.S. Department of !
Agriculture, Soil Conservation Service, 1is available for this
project.

5.3 EXPERIENCE DATA

The operator reports that the highest upstream water level that )
he has observed is to about the top of the spillway intake
structure.

5.4 VISUAL OBSERVATIONS

It was observed that while the height of the dam is listed as 26 '
feet on the construction drawings, the actual height to the
streambed downstream from the dam is approximately 28.5 feet.

5.5 TEST FLOOD ANALYSIS

Based upon the U.S. Army Corps of Engineers "Preliminary !
Guidance for Estimating Maximum Probable Discharges®™ dated March,
1978; the watershed classification (Rolling), and the watershed
area of 1.0 square mile, a PMF of 2300 cfs or 2300 cfs per square
mile is estimated at the damsite. In accordance with the size
(small) and hazard (high) classification, the range of test floods
to be considered is from the % PMF to the PMF. Based on the degree '
of hazard associated with a breach of the dam, the test flood for
1 Shenipsit Dam is equivalent to the % PMF. The reservoir at the
; start of the test flood is considered to be empty, at low-level
inlet invert elevation 532.0. The peak outflow for the test flood
is estimated at 350 cfs and this flow will be accomodated by the
principal and emergency spillways with 4.0 feet of freeboard to the ' 1
top of the dam. Based on hydraulics computations, the spillway
capacity to the top of the dam is 4700 cfs which is equivalent to
1300% of the routed test flood outflow (Appendix D-6).




5.6 DAM FAILURE ANALYSIS

The dam failure analysis is based on the April, 1978 Army Corps
of Engineers "Rule of Thumb Guidance for Estimating Downstream Dam
Failure Hydrographs". With the reservoir level at the test flood
surcharge elevation, peak outflow before failure of the dam would
be about 350 cfs and the peak failure outflow from the dam breaching
would total about 21,000 cfs. A breach of the dam would result in a
rigse in the water level of the stream at the initial impact area,
from a depth of 1.9 feet just before the breach to a depth of about
8 feet shortly after the breach. This rapid, 6.1 foot increase in
water level will inundate two houses and two other structures by up
to 2 feet, causing the loss of more than a few lives as well as
substantial economic loss (Appendix D-7). Based on the dam failure
analysis, Shenipsit Dam 1is classified as a high hazard dam
(Appendix D-9).
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{ SECTION 6: EVALUATION OF STRUCTURAL STABILITY
i : 6.1 VISUAL OQSERVATIONS
B The visual inspection verified that the set of as-built

drawings is substantially correct. No indications of stability
problems were detected during the inspection.

6.2 DESIGN AND CONSTRUCTION DATA

The design drawings of the project depict the embankment as

- having a top width of 12 feet, a maximum base width of approximately

130 feet, a 3 horizontal to 1 vertical upstream slope and a 2
horizontal to 1 vertical downstream slope.

The foundation conditions of the embankment are not clearly
b depicted on the design drawings. The original ground surface of
the valley which the dam now occupies is shown, as is soil
information obtained from test pits dug in January and February of
1959. The soil information indicates that 1 to 3 feet of organic
s0oil was present at the surface of the stream valley. Typically,
silty sands were found underlying the organics and a clay layer was
v observed in one test pit. The test pit logs indicate that the
sediments typically grade to gravelly sands at depths of S5 to 7
feet, and that groundwater was encountered at depths of 2 to 7 feet.
Although the depth and limit of the foundation excavation is not
specified, prior to construction the volume of the excavation was
estimated, for bidding purposes, as 3071 cubic yards. The area at
the base of the dam is approximately 11,000 square feet, so the
average depth of excavation is approximately 7.5 feet. However,
since the depth of excavation on the side slopes of the valley is
probably much less than 7.5 feet, the depth of excavation near the
bottom of the valley is probably in excess of 7.5 feet, which is
adequate to remove the unsuitable soils encountered in that area.
In addition, the dam toe drain trench is shown to be dug to
elevation 521, which appears to be adequate to effectively drain
groundwater from the dam foundation.

6.3 POST-CONSTRUCTION CHANGES

The only known post-construction change to the project is the
removal of the low-level sluice gate. The gate was removed because
it had been repeatedly vandalized and there was no need for a
permanent pool. The removal of the gate does not affect the
stability of the project.

6.4 SEISMIC STABILITY »

The dam is in Seismic Zone 1, and according to U.S. Army Corps
of Engineers' Recommended Guidelines, need not be evaluated for
seismic stability.




SECTION 7: ASSESSMENT, RECOMMENDATIONS AND REMEDIAL MEASURES

7.1 DAM ASSESSMENT

a. Condition - Based upon the visual inspection and past
performance, the project is in good condition. No evidence of
instability was observed in the project.

Based upon the U.S. Army Corps of Engineers' "Preliminary
Guidance for Estimating Maximum Probable Discharges" dated March,
1978, the watershed area and classification, and hydraulic/hydro-
logic computations, peak inflow to the reservoir at test flood is
1150 cfs; peak outflow is 350 cfs, with the dam maintaining a
freeboard of 4.0 feet. Based upon hydraulics computations, the
spillway capacity to the top of the dam is 4,700 cfs, which is
equivalent to 1300% of the routed test flood outflow and more than
agequate to handle any conceivable peak flows without overtopping
of the dam.

b. Adequacy of Information - The information available is such
that an assessment of the condition and stability of the project
must be based on a review of existing engineering data, visual
inspection, past performance and sound engineering judgement.

c. Urgency - It is recommended that the measures presented in
Section 7.% an§ 7.3 be implemented within two years of the owner's
receipt of this report.

7.2 RECOMMENDATIONS

There are no recommendations.,

7.3 REMEDIAL MEASURES

a. Operation and Maintenance Procedures - The following mea-
sures should be undertaken by the owner within the length of time
indicated in Section 7.1.c, and continued on a regular basis:

1. Round-the-clock surveillance should be provided during
periods of heavy precipitation or high project dis-
charge. A formal downstream warning system should be
geveloped, to be used in case of emergencies at the

aml

2. A formal program of maintenance procedures should be
instituted and fully documented to provide accurate
records for future reference.

3. A comprehensive program of inspection by a registered
professional engineer qualified in dam inspection
should be instituted on a biennial basis.

4, The large holes in the waste areas should be filled
with granular soils and compacted.

5. Grassy vegetation should be re-established in the ve-
hicle tracks on the top of the dam.

7-1
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6. Extermination of burrowing animals and removal of brush
from the dam should be continued as part of the routine
maintenance procedures at the dam.

7.4 ALTERNATIVES

This study has identified no practical alternatives to the
above remedial measures.

7-2
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VISUAL INSPECTION CHECK LIST
PARTY ORGANIZATION

PROJECT Shgn‘lPs]i [)a.m

INITIALS:

DATE: A”f! 21. 1980 ]

TIME:_2:00 a.m —
WEATHER: Queccast 4£5° _t

W.S. ELEV. §9221U.S.§280LDN.S
DISCIPLINE:

|

3.Ecic. Teale ET
q. HM
s.Anj:Lm!! Relle, AR
6.

PROJECT FEATURE

1. me.n+ All

INSPECTED BY

REMARKS ;

ﬁzad_fmdzﬂga!

Z'EE‘IDC‘IPGJ Sp]llg.)au All
-

Good Condition:

3.Emecqency Spillway A\l

4.

Good Condition !

i

[

10.

11.

12,

. A T S e e o e ——
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AREA EVALUATED

DAM EMBANKMENT

Crest Elevation

Current Pool Elevation

Maximum Impoundment to Date
Surface Cracks

Pavement Condition

Movement or Settlement of Crest
Iateral Movement

Vertical Alignment

Horizontal Alignment

Condition at Abutment and at ConcretJ
Structures

Indications of Movement of Structural
: Itams on Slopes

, Trespassing on Slopes

Sloughing or Exosion of Slopes or
Abutments

Rock Slope Protection-Riprap Failure4

Unusual Movement or Cracking at or
Near Toes

| Unusual Embankment or Downstream
Seepage

Piping or Boils
Foundation Drainage Features
Toe Drains

Instrumentation System

PERIODIC INSPECTION CHECK LIST

PROJECT ShgﬂiPﬁ\‘i Da m

PROJECT FEATURE Dam Embankmeat . uy BH g ET WM AB

ioning properly

Page A-2
PATE_ 8 /21 /80

CONDITION

§56.2L
N/A
§381 -

None observed

N/A
None observed

None cbserved
Arpears qood

AF'F“‘Q 300&

Appears qood

None observed
Vehicle +r~a-<‘.‘<$ on cPe_s+
Minor erosion FTrom vehiele +racks

N/A

jNOne observed

None observed

None observed
Probable k'ﬁ“ %t‘oundwa‘*‘et\-

condition drained \a:‘ Tider
ain = Appea!‘s +o be 'Pur\c:'"-

A-2




b PERIODIC INSPECTION CHECK LIST

Page A-3
PROJECT Sheripsit Dam. ____ bave @/e1/80

PROJECT FEATURE Prine PQL 3?‘““’%5 . By PHTS ET, HM AB

AREA EVALUATED CONDITION

e == " oI . L. R =
OUTLET WORKS-SPILLWAY WEIR, APPROACH
AND DISCHARGE CHANNELS

a) Approach Channel

|

| diti

i General Condition G OOA

{ Loose Rock Overhanging Channel No

; Trees Overhanging Channel No

[}

! Floor of Approach Channel S\ ‘+j ygrassy

b) Weir and Training Walls

I

i General Condition of Concrete 6 00 d

f Rust or Staining | None observed
: Spalling Ve.o& minovw

' Any Visible Reinforcing No

i' Any Seepage or Efflorescence No

! Drain Holes N/A

t

c) Discharge Channel

E General Condition Good
: Loose Rock Overhanging Channel No N
; Trees Overhanging Channel No 1
' Floor of Channel (43 pavel

Other Obstructions None (.

A-3 :




PERIODIC INSPECTION CHECK LIST '

Page A -4
er0sEC?_Ghenipait Dan ontr, 8/21 /B0

PROJECT FEATURE_Emr.:g.ﬁn%_SP}.LLmﬂ__- BY BHTS, ET Hi AR

AREA EVALUATED

OUTLET WORKS-SPILLWAY WEIR, APPROACH
AND DISCHARGE CHANNELS N

a) Approach Channel

e a———— e ——— e am——

General Condition Good

Loose Rock Overhanging Channel No :
,‘ Trees Overhanging Channel Nc¢
f Floor of Approach Channel G\P a S‘SQA

Weir and Training Wallg '

SF‘.\\wa_ﬂ c_\ma.nne\ detined
\:sj natural s‘ope_ +o et
and low berm +o r‘\s\ﬂ‘\',

which are grassed and '
in %oocl condition

c) Discharge Channel

Y
f General Condition Goocl
J
) Loose Rock Overhanging Channel No ,
}
i Trees Overhanging Channel NOJ bu'\' o\‘\sc\-\at‘gt‘é +O wodJ
Floor of Channel area.
G rassed
Other Obstructions '
No -

A'q '




APPENDIX B
ENGINEERING DATA AND CORRESPONDENCE
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EXISTING PLANS
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‘ Furnace Brook - Middle River
. Watershed Protection Project
Detention Reservoir Site No. 6
Stafford, Connecticut

Designed By:
U.S. Department of Agriculture
Soil Conservation Service
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WATERSHED WORK PLAN
FURNACE BROOK - MIDDLE RIVER WATERSEED
Tolland County, Comnecticut
Hampden County, Massachusetts
Prepared Under the Authority of the Watershed
Protection and Flood Prevention Act, (Public
Law 566, 83rd, Congress; 68 Stat, 666 as amend-

ed by Public Lew 1018, Olth, Congress; 70 Stat.
1088)

Prepared by: Commissioner of .griculture

State of Connecticut

and the

Hampden County Soil Conservation District

State of Massachusetts

Wi~ assistance by
U,S, Department of Lgriculture, 30il Conservation Service
U.S, Department of Agriculturc, Forest Service

U.S. Department of Interior, Fish and Wildlifc Scrvice
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SECTICI IXI
VWATERSHED WORK PIAN
FURNACE BROOK - MIDDLE RIVER WATERSHCD
TOLLAND COUNTY, CONNECTICUT
HAMPDEIN COUNTY, MAGSACHUSETIS
FEERUARY 1958

INVESTIGATIONS AND AMALYSES

Hydrawlic

Engincoring surveys were made to collect information on streem
reaches includiag strecm profiles, valley cross sections, clhiannel
copaclities and other hydraulic characteristics required to route selected
storms for precsent conditions and after structural installations have
been c¢ompletod,

Stage-discharge rclations were developcd ot cach welley croas section
by use of Mannings formula, The roughness cocfiicicat valucs "n" used in
tho computaticns wore <Jdetermined by the metiicd outlined in NEN-S, Supple-
ment_B. Siope "S" values werc vbtained by using the strcam gradient for
channel computations and the valley gradient for out of bank: flow,

Hydrologic

No weather bureau precipitation stations or gaging stations are
found within the watoruhode Precipitation date for the watershed dating
bacle to 1923 wasz compiicl from records recorded in U, 8, Weather Burcau
Climatological Data £9i seven official raintzll stotioms that surround =nd
are within 2 to 15 miles of the watershed. Isohyeclal maps werc developed
using the rbuve data to cbtain watershed area rainfall for storms szlected.
Direct runcff estimntos were made for annual storm sordes, toking into
account such factors as topography, climate, an? scils for present land
uge an for future land use conditions,

Synthetic hylrographs were developed by the method outlined in the
Soil Conservation Service Hy'rology Guide., Three one day storms and the
August 18 and 19, 1955 multi-day storm were flood routed through the
watershed using the storage~indication method of flood routing to determine
the runoff-poak discharge relationship for the sratershels Pcak stages and
time of poak obtained by rcuting the August 1819, 1955 rulti-~ay storm
checked closcly with the reported cbscrvations «f lirezl residents,

Frequency curves were developrs. .or each damage reach for present
ang future land conditionse.

«19=




Cme e

The planning designs of the proposed retarding structures have been
made according to Soil Conservation Service procedures, All preliminary
designs were based on field surveys and investigations,

All structures have been plannoed to retard floodwater runoff of the
design storm (August 18-19, 1955) below the emergency spillway height,
The storm produced from 6 to 9 inches of runoff from the watershed,

The proposed floodwater retarding structures were individually flood
routed for future land use conditions, All structures were then routed
as a unit,

Econaomics

Field investigations made before the actual damage appraisal was
begun, rovealed that: (1) only scattered and moderate crosion and sediment
problems oxist at present; (2) no major municipal, industrial, water supply,
irrigation or drainnge problems axist; (3) floodwator damage Zrom Furnace
Brook and Middle River to the Borough of Stafford Springs is the main
problem of the watershed and of most concern to the local people; (L)
agricultural damage is minor, Agriculture is not a2 major enterprise in
the aron; thereforeo a full scale analysis for damege evaluation on agri-
culturai lend was not warranted,

The mothod used in analyzing average annual damages was the fro-
quency method, The "key" flood used in appraising damages was tho storm
which occurred August 18-19, 1955, Damage schedules were obtained for all
inundated propertics and represent only those damages which wero cstimatod
to rocur, All damages were computed on a 1955 price base and converted to
long torm projocted prices,

Reaches for both economic and hydrologic eveluation were selected for
the damnged areas, The method uvsed to ovaluate average annual damages and
benefits is as found in the Interim Economic (uide,

Indirect damages are estimated to be 25 percent of direcct., Factors
used in estimating taesc indircct damagos are as follows: (1) trevel and
shipmont of goods and scrvices along the Contral Vermont Railroad werc
suspended for one month., Regular movements of coods amd s vices al~ug
the lino werc not resumed for a threc month period; (@) tontfic was not
ollowed through the busincss scction of Stafford Springs for threc days
followed by a two weck poriod of limited traffic; (3) approximatcly 13
ycars were roquired to restore two hoavily traveled bridges destroyed by
flocdwater; (L) residents of Stafford Springs werc without clectrical
pover for approximately thrce days,

Land Treatment Measurcs

Land treatment mecasures to be applicd were based on total nocds data
obtained at the Soil Conscrvation Servico Viork Unit Office for the Tolland
County Soil Conservation District, Thce totol necds date were tompered to
realistically represent what land treatment measures and quantities could
be applied within the installation period of the project, Present land use
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.for tho watershed wns ~bt:incd fronm availnble aerial photos, topographic

mops and Land Usc Copability Maps. Expcetced future land usc wes dcrived
by projecting chunty trends to the watcrshed area vith revision made by
local knowlcdge of the watershad. Recommended land treatment measurcs
for the forest land were cstimated by the U, S. Forest Scrvice in co-
operation with the State Forcstry Agoncics, as shuwn on pages 6§ and 9

in Section I of this plan.

The offcets of land treatment mensures were eveluated hyérolozically
for their effcet in roducing runcff and hence £loé flows. Thc effects
of land treatment meas: r:s were estimated before the structure progrom
was evaluated.

Geologic

Of the six (4) proposcd flondwater retording structurcs, all but
Ellithorpe are bnslcally similar in character. All structure sitcs are
located in arcas of glncinl till or deposits of outwash material. The
components of the till range in size from medium sized sands to cobbles
and some small boulders. The till and/or outwash material is usually
fairly well compacted although the sands of both may often be frinble.
Occasionally, some deposits of gravel may be seen in the proximity of
the sites. There should be no problem in obtaining suitzble and adequate
f£ill for any of the structures. Likowise, no problems should arise with
rogard to satisfactory foundations. Inasmuch ns these are not storage
reservoirs, the borrow material will be adequate for the construction of
fotontion structures.

_ = %he Ellithorpe structurc site as proposcd on ifiddlc River travcerscs
a broad swamp approximately 3500 foct in widthe. An intormcdiate tovo-
graphic high having a north-south axds provides a medial abutment for

the intcnded structurc. The high is approximatcly 15 to 20 foot above
the surrounding swump arca, and has a woll sorted, slizhtly stratificd
sand oxtending from thie surface to a depth of about L4 to 6 fect. This
sand is underlain by coarser sands with scme enbblese The cast lcg of
dom site is irmediateiy north of and closely prrallels Diamond Ledge Roads
Tho first 500 fect of the east leg crosses a slope of hcterogencous
glacial dobris tliat ranges in size from sand to cubbles. The remrining
600 fect of the cast side of the preposed siructure site crosscs ~ swamp
having an organic zonc which averages 2.5 feet in thickness. The centor-
lino of tho proposcd structurc mocts and crosses in a southwesterly
direction, the topographic high previously mentioned and described.
Coming off thc high and centinuing west another swamp is catcreds This
swamp has a hcmlock cover with numerous boulders scattered on the surface,
and contains no appreocicble arcas of mucke. Somc isoloted arcns of nmuck
do cxist, but thesc are not in cxcess of 3 or L4 feet in depth nnd should
prosent no problems in constructione The undorlying matorizl could not
be roliably cvaluated because of the abundanco of bould:oirs; however it

is probably ncar the surfrce and should be ~cecpt~blue Prosumably, tho
basc scdiment which will be the fourdntion for the structurc is o fairly
wcll compactod glaecial ©1lle The propea.d site should prove adequato beth

- for foundntion and £ill matorinl and no constructicn problems are immcdi-

ately forsecn.
. .
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Preliminary site investigations for Structure No. 5 (Ellithorpe) were
in an area approximately 500 feet north of the currently proposed structure.
Field investigations of the swamp area to the east and west of the topo-
granhic high previously deseribed, revealed cxtensive Genosits -of swamp
muck; some of which were noticecble peaty in character. Thicknesses of
muck wp to 20 fcot and 23 fent to the cast and west rospuctively were not
wncommon, The muck had sufficient latural continuity to make dam rcloeation
desirable for cconomic and construction reasons.

The remeining structure sites in the wntershed ~re mainly located
in arcas overlain by ground morainc. Not uncommon however, arc outwash
deposits of sond and/or gravel laid dovm by ;lacial meltwators. The
structures arc locatcd in valloys of gentle to moderaie relicfe At the
Shenipsit Sito(Structurc Mo. é) s bouldor material is common and associnted
with intervening shallow pockets of mucke. Again, this recurrence of muck
is not of sizeable proportions to constitute an; problem or obstacle to
construction,

At the Bradway Pond Site Structure No. L), two structures are contemplated.
One, a dike, is nt the southern tip of the Devils Hopyerd Swamp. The
intended dikc will cross a shnllow, narrow scction of swamp where the muck
zonc 1s not in ciwoss of threc foct. Should, for any reason, the location
of the dike bo altered, it is rccommended thot it be moved south, away
from the swamp, and not north. Moving north towards the swamps intcrior,
would undoubtedly rosult in deepcr, more cxtcnsive zones of mucke Tic
other proposed dtructurc is to the north beyond the Dovils Ilopyard Swemp
at Bradway Ponde Theo sitc is at the head of 2 narrow, moderately stecp-
sided strcam volley, a portion of which is visibly underlain by bedrock.,
Although not visible at the site, the anticipatcd depth 4o bedrock is only
a2 fow feet. The bedrock is fractured in a direction peralleling the
stream channcl,

STRUCTURE INVESTIGATIONS

Middle River and Tributaries

The key to the flooA protoection program for the Middle River -
Furncce Brook Watershed is Middle River which drains about 22,000 acres
or two thirds of the watershed. The river valley being relatively broad
and swampy, provides considerablc natural storage.

The eclevation of the crcsts of the several cmergency spillways were
detormined by routing the hydrograph of the August 1955 storm through the
structurcs.

Thc sizos of the cmergency spillways werc plannced by routing a
dosign storm of 1,5 timcs tho 6 hour point rainfall using Moisturc
Condition III through the structurcs. This sizc dctermination for Clnss

fat and "b" structurcs is in cxcess of the minimwm criteria as sot forth
in tho Soil Conscrvation Service Engincering licmorandum No. 3, reviscd,

,20a
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" The crests of tlie principal spilluays have heen plamed at the
alevation of tha maximum required sediment pools, The draw doun ratas
range from 23 cam to 43 csm, producing a dewateoring time of from 5 to 9
days.

Determination of the required sediment pool, for a 50 year period,
uag calculated by the Soil Loss I'orrula (0.1 ton/ac/yr. yicld).

The designed height of- the structures uill provide sierage for a
50 year sediment accumilation, detention storase for a storwm equivalent
in magnitude to the August 1955 storm, and the required freeboard in
excess of .the height of aesign flou tirourh the emergency snilliway.

Structurc 1o, !4 (Bradway) - The propoced dan and dike at Radiay
Pond are about 2 miles sontheast of West Stafford an? about 1 mile eact
of Crystal Lal'e respectively. Draining 768 acres, the structurce vwill
provide 513 acre-fect cf detention storage or 3.0 inches ol runoff per
acre of watershed, There is at present, a 100 a2cre-foot recreatioral
pond at this site that rust be maintained., This pend will provide the
requirod 13 acro-foot sediment pool,

Structure lio, 5 (Ellithorpe) -~ The proposed floodwater retarding
structure across iliddle River is approximately 3% miles north of Staffard
Springs and has a drainage area of 6,570 acres. <The structure will
provide 3853 acre-feet of detention storage or 7,0 inches of runoff per
acro of watershed,

The major problem at the site of thi:u dam and reservoir is the
Contral Vermont Railroad which is located in the river valley, Same
13,000 feet of track and at least one bridge will e affected by the
redcrvoir arca, Threc alternatives were investigated and cost estimates
preparcd uith the assistance of the railroad enpgineers.

The railrcad will be relocated around the reservoir and at an
elevation that vould clear the dam and storage area. This vill require
some 15,000 feet of rclocation including new rights-of-ucy and has been
estimated at a cost of {333,L07 exclusive of dam ard apnurtcnances.

Furnace Frook

The channel immprovement uvork on Furnace Brook consists of four
phases of construction. These are as follows: widening the chamel
through the Dorourh of Stafford Springs from the Cyril Johnson loolen
id1l Dam dovm to the Ceniral Vermont Railrozd Mridge; replacenent of the
liadn Street Stone-Arch Dridge; replacement of the main line of—the—
railroad bridge at the 2. 2. Cocley 7ill; and the wideming ond realirm-
ment of the channel from the railroad bridse to a point sonc 300 Teet
below the jinction of the Brook vith 1iddle [iver. ’

Unfeasible Siles

In addition to the six recommended dum sites, 7 sites on Furnace
Brook and its tributaries, 3 on iiddle River, and l: on iributaries of

lidlle River were investizated in varylng deprees of detail. These ®
B-8 °
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sites were found unfeagible because they laclzed economic justification
| N and/or physical limitations, Throuch the damage centers, dildng and

' raisinz the existing stone walls that now line the lirook were also ’
considered but deecmed impractical. '
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. STRUCTURE LOCATION MAP
MIDDLE RIVER— FURNACE BROOK WATERSHED
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FORM D-4 STATE OF CONNECTICUT
WATER LE30UKCES COMMISSTION
koo 317, State Office Duilding
Bactford, Comnecticut -

‘l APPLICATION FUR CONSTRUCTLION PERMIT FOR DAM
Owner State of Coppecticut Date July 20, 1959
P. 0. Address_Stgte Dept, of Agricylture -
_ State Office Bldg., lit{d., Comn, Tel, No.JA 7=634) Ext, L35
Location of Structure:
: Town_Staffard, Comn. Shown on USGS Quadrangle ftaffopd U .ings, Corm, -
- " onson, Messachusetts -
Name of Strcacfihenipsit Drook-Cite #6 = at : inchcs south -:f Lat.
north
and inches cast of Long.
west

Directions for reaching site frou nearecst villape or route intersection:
{see skoetch on roverse side) -

—{rcuttyille = Racker Rogd - Stafford

This is an application for:X {Wcw Constructiza) (Alteratim) (Rcpair) (Reuwoval)
(chicck cne or move uf above)

This pond 1is to be uscd for:_Faod Contial

Dinensions of Pond: width lengtl areca

l = Maxioun depth of water ifmwdiately above daus )

Total length of dar:

Length of spillway:

1A 4

Height of alutiuents above apuh:z'xy:

Type of spillway comstruction:

Type of dike construction:

Spillway saection will be scut on: (Duedrock) {Gravel) (flay) (Till)
{check one of above)

Renarks:

. Signed:

111(ovéoemi snioner, Dopt. of

Nave of Enginccr, if any .S DAL Agriculture

Mota: Show detalls of
construction on reverse side.




JOHN J. MOZZOCHI AND ASSOCIATES
CONSULTING ENGINEERS

JOHN J. MOZZOCH!
ASSOCIATES

OWEN J. WHITE
JONN LUCNHS, Jn.

August 10, 1959

ProNE MEDFoORo 3-9401

William S. Wise - Director

State Water Resources Commission
State Office Building

Hartford 15, Connecticut

CODE No. W25.3 M2.080.8

Re: Our File 57-73-19-6
Stafford Springs
Detention Reservoirs
Site No6-Shenipsit

Dear Mr. Wise:

In accordance with your authorization dated August 28, 1958, I have
reviewed the design of the referenced project submitted for approval by The State
Department of Agriculture.

Design criteria established in letter dated April 30, 1959 from
Charles J. Pelietier, Hydraulic Engineer, are tabulated herewith for comparison with
actual design data.

Design Data Criteria
Drainage Area 1.02 sq. mi
Design Storm 15" in 6 hrs, 15" in 6 hrs.
Total Retention 1.5" 1.5"
Net Run-off 13.5" 13.5"
Design Peak 2210 cfs
Per sq. mile 2185 cfs.
Drawdown Time 4.0 days 0-5 days
Earth Spillway Discharge 1210 cfs _
Earth Spillway Width 125*
D¢ at Control Section 1.43'
Vc at Control Section 6.8 fps 9 fps \
Velocity in Exit Channel 7.3 fps 9 fps -
Freeboard 2.0' 2.0 min

All of the design data computations have been checked and we find ti.:rm to
be substantially correct. As shown in the above listing the design meets the cri‘«.ia
established in all instances.

(-
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[ ] We have discussed with the S.C.S. engineers the need of revising the
emergency spillway design to eliminate objectional constrictions at both the inlet
and outlet ends. They have agreed to make these revisions on their plans prior to
releasing them for contract bidding.

I therefore recommend that a construction permit be issued for this project
with the proviso, (1) that the curved inlet to the emergency spillway be straigntened to
provide a more direct entrance and (2) the outlet of the emergency spillway be -
constructed with a continuing uniform width of 125 feet to a point where the direction
of flow at the grade point is at right angles to the contour lines.

We are retaining the copy of the design report, plans and specifications
for future reference.

Very, truly yours,

48 Yot

/john J. MdzZoefii dnd/Aséoctates

Consulting Engineers

JIM:hk
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STATE OF COYNNEGTICUT
WATER RESOURCES CQfQSSION
Room 317, State Office Bullding
Hartford, Connccticut

CONSTRUCTION EERMIT FOR DAMN

Date:Septassber 18, 1959

ToiState of Comnecticut

stats Office Bullding

Bartfocd, Comnocticut
Gentlomens Attontion: iMr. Joscph Ne G111, Comaissionsr
for the eoesarustion of w aarer S o St 1 v B Cher-Towrut-tattond

ia acoowdance with plans end specifications marked Ci404 and prepared by the
Soil Comnservation Sexvice, U, 5. Depsrtmant of Agriculture,

copy of which is attachdd hereto, has been considered and the
construction described therein is hereby anproved only under the . 0
following oonditions:

l. The Commission shall be notified

A) When construction is ate.rted'
B) When foundation is excavatod
C) ‘%hen the dam is comploted and before water is impounded

?an)c é«aen projectA is cgnpél‘e.ted and readw vg'ﬁ' W" co

2, provide @ wore direct entrance.

3, That the outlet of the ewroancy epillvay Lo esnstiucted with a

s maan

B, continuing uniforu vidth of 125 feot to a pofet w.c.e tho diraitliun
"of Tlow at the grado point I AT YILIT Bt W Tio contor—

* 1ines.

This permit, with tho attaoched application form and other
enclosures, must be kest at the site of the work and made available to
the Commission at any time during the construction, This pegnit covers
the construction as deseribed in the attached documents, If ny changes
are contemplated the Comrulssion rmst be notified and supplementary
approval obtained,

—1—
CONTINUED
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1£ the construction authorized by this construction permit is not started

within __ G0 & of the date of this permit and completed
within Joors of the same date this permit must be renewed.

Your attention is directed to Section 25~115 of the 1958 Revision to the General
Statutes - Liability of owner or operator. Nothing in this chapter, and no order,
-approval or advice of the commission or a member thercof, shall relieve any owner
or opertor of such a structure from his legal duties, obligations and liabilities
resulting from such ownership or operation., No action for damages sustained
through the partial or total failure of any structure or its maintenance shall

be brought or maintained against the state, a member of the commission or the
commission, or its employees or agents, by reason of supervision of such structure
exercised by the commission under this chapter.

The Commigsion cannot convey or waive any property right in any lands of the
state, nor is this permit to be construed as giving any property rights in real
estate or material or any exclusive privileges, nor does it authorize any injury
to private property or the invasion of private rights or any infringement of
federal, state or local laws or regulations.

Your attention is also directed to Section 26-134 of the 1958 Revision to the
General Statutes ~ Obstructing streams, No person shall, unless authorized by
the director, prevent the passing of fish in any stream or through the outlet or
inlet of any pond or stream by means of any rack, screen, weir or other obstruc~
tion or fail, within ten days after service upon him of a copy of an order issued
by the director, to remove such obstruct, = = ~ » «The address of the State Board
of Fisheries and Game 18 2 Wethersfield Avenue, Hartford 15, Connecticut.

Very truly yours,

By:

William S. Wise
Pirector

wsw“:
€ct  Mre Renabo A, Pellizari, Tawm Closk {in Btafford
Mr. San Cxxith, Soil Uoanservation fharvice

Nre Joln 3. Mossochi, Ooausulfing Baploess
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JOHN J. MOZZOCHI AND ASSOCIATES GLASTONBURY, CONN.

217 HNEBRON AVENUE
CIVIL ENGINEEKRS PHONE MEDFORD 3-0401

. JOHN J. MOZZQCH) September 2, 1960 PROVIDENCE 3. R.

ASSOCIATES

e ———————

OWEN J. WHITE
JONN LUCHS. Ja.
ECTOR L. GIOVANNINI

William 8. Wise - Director
Water Resources Commission
State Office Building
Hartford 15, Connecticut

PuONE GASPEE 1-0420

RerLy TO:

Our File §7-73-19

Re: Stafford Spring Detention Reservoirs

Dear Mr, Wise:

Bites No. 2 & No. 6

On Thurdday August 25th, a final inspection was made of site No. 2,
Ellis, and Site No. 6, Shenipsit, detention reservoirs in Stafford Springs.

Both of the sites are completed except for the seeding operations which
I understand are to be performed by State Highway Department forces.

_ Except for minor hand work in fine grading the loam in fhe emergency
spillway at 8ite No. 6, I found both sites acceptable in all details.

I recommend that the final permit be withheld until a good stand of
grass is obtained on each site in conformance with the usual requirements of the

Board,

JIM;hk

Very truly yours,

//w, l //Z(J)&‘C/L

John J: Mozzochi and-Associates
Consulting Engineers

47
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SCTOR L. GIOVANNINI

. . . o o ", ..r. o .‘n _2..]:'::. . )
JOMN - .l. Mozzocm AND Aeeocl.\]‘is U GAAITONBURY, COMM.
_ CIVIL ENGINRRRS pova Mievens 8.6401
JOUN J. (] : . ) Qctober 23' 1961 ’?.D:.Cl L 2 N
ASSOCIATES PuDNE GAsrss 10480

OWEN J. WiNTR
JONM LUCKHS, Ja.

Wty Y& Glasionbinny
A A
EN

William 8 Wise-Director
Water Resources Commission .
State Office Building
Hartford 15, Connecticut
Co Re: Our File No. 57-73-19
Stafford Springs
Flood Detention Reservolrl

Dear Mr, Wise;

On October 20th, 1 made.a final inspection of the four completed flood
detention reservoirs which have been constructed by the Department of Agriculture
and Natural Resowces in Stafford Springs and for which semi-final approval has
already been given. This final inspection was to see the results of the seeding
operauoee which had not been eccompushed at the time the umi-unel epptovele

had been qtven
me;-fo_ur structures are:
Site No. 2 -- Ellis, Semi-Final Approval September 2, 1960.
8ite No. 3 -- Pomeroy, Semi-Final Approval November 7, 1860.
8ite No. 4 -- Bradway, Semi-Final Approval July 3, 1961. -
_Sfte No. 6 ~- Shenipsit, Semi-Final Approvel September 2, 1960.
ln eu lour locetions the grass cover was found acceptable. ‘

¢ recommend that Final Permits be issued for these structuree. ,

M H-6 =61

. ‘ John J. Mgzxochi arfd“Associates
JIM:hk . Civil Endineers
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FORM D=7
STATE OF CONNECTICUT
WATER RESQURCES COMMISSION
Roon 317, State Office Building

Hartford, Connecticut

CERTIFICATE OF APPROVAL

Datc Novembder 9, 1961
o; State ef Conoectieut

Naturel Rosources ATTEETION: M3, JOSEPH ¥, GILL,
&% arise salarag COMMISSTONER
Hortford, Conrecticut :
NAME OF STRUCTURE: Shentpsit Brook Das, Site #6

, This is to certify that the following construction work:
the construction of an earthk dam in socordence with plans end

spocifications mavked C¥=404 and prepared by the Scil Conservation
Service, U, S, Departnent of Agriculture

on Shenipsit Brook
Stafford

on your property

in the Town (8) of

Septamber 13, 1959

for which construction permit was issued , has been

coppleted to the satisfaction of this Comuiission and that such structure

is approved as of date of this Certificatc.
0018041 Conserwation WATER RESOURCES COMMISSION

Serviee .
BY: /&?(ﬁd&/é4,¢4,a/<7/;h<;z.CZ_

Willian S, Wise, Director

Note: The owner is required by law to record this Certificate in the
land records of the town or towns in which the dam, dike or similar
structure is located.
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NETSC TEMPCRARY FNeW

INFCOMATICN STORAGE N0 RETRIEVAL - CANS PLAWNED AND CONSTRUCTED BY SC$

CT-6

6-13-75 SITE 10 w0,
IDENTIFICATION AND LOCATICN 25. SUSMERGED SEDIMENT STORAGE ___-4:0___ (-2 A
FBMR - 6
1. 26. AERATED SEOIMENT STOPAGE Nl &C. FT.
SYRUCTORE DESTCRATTON (RO DX RURIERT o —
.. Willimantic - Thames 27. NUNICIPAL AND INDUSTRIAL WATER STORAGE -
RIVEW BRSTN TRARE] —————
. Furnace Brook - Middle River 28, RECREATION WATER STORAGE AC. FY.
" WAYERRTD [RAE CR D) 29. FISH AXD WILOLIFE STORAGE T AC. FT.
Connecticut
. t 30, 12RIGATION STORAGE ==~ AC. FT,
SYATE TR]
. Tolland 31. OYHER BEMEFICIAL STORAGE  ——~— AC. FT,
" TOONTY TRRRET 32. TOTAL FLOOD STORAGE 343 AC. A1
6. — SrasF e 33. TEMPORARY EMERGENCY SPILLWAY STORAGE (BETWEEN CREST
YORNSHIP (hAE) OF LOWEST E¥ERGENCY SPILLWAY AND TOP OF SETTLED FILL)
? 2 197 __AC. FT.
. X —
[0 31313 (D ) AL HAS LT 1)) 38, SURFACE AREA OF NORMAL POOL - AC.
s. Eastern Highlands . o
m‘y (M) 35. LENGTH OF SYWORE LINE OF NORMAL POOL MILES
. WP 36. MAXINUM DEPTH OF NOSMAL POOL __FT.
. [} . . - » ’
© PRINCIPAL SPILLWAY FEATURES
10. 41" 58' 38"
TR0 (LTS, RIWOTES, Sty 37. PRLNCIPNL SPILLWAY msc(cr;gcig Asw:ua:%n -
e FCHOLITHIC, OPEN CONC TRUCTURE , DTHER
n. 72° 20' 05" No
TOWETYC 4 . NIWUTES, %2 38. ‘IS THERE COLD WATER RELEASE FACILITY? _ Y%
2. 556.4 39. AMBER OF STAGES 1 goran
ioN OF 34 1] L- I 0
8 40. LOW STAGE CAPACITY ___CFS
13. OATE PLAN APPROVED 195 (AT HIGH STAGE PRINCIPAL SPTLLWAY CRESTY -
V4. DATE OF MOST RECENT SUPPLEMENY b /7] S 4). PRINCIPAL SPILLWAY CAPACITY 40 _CFs

(LEAVE BLAMK IF NOT SUPPLEMENTED)

15. DATE construcTIoN compLeTenr 1960
(LEAVE BLANK IF NOT CCPLETED)

16. TYPE_OF DAM {CIRCLE APPLITABLE) -
EARTH ROCK, CONCRETE, OTHER

V7. ED DUARNSES (CIRCLE ALL APPLICABLE) -
FLOOD PREVENTION ) PECREATION, FISH & WILOLIFE,
MUNTCIPAL AMD [WOUSTRIAL WATER SUPPLY, IRRIGATION,
MAVIGATION, HYDRO-ELECTRIC, SEOIMENT CONTROL,

LOW FLON AUGMENTATION, OTHER
18. KAZARD CLASS (A, B, OR C) c

19. EARTHOUAKE Z0ME 2/ (C, 1, 2, 3, or 4) 1

SIZE AND CAPACITY

20. DRAINAGE ApEA pecowtpoLes 653 AC.
(UPSTPEAN FFOM STRUCTURE )

21. DRAINASE AREA CONTROLLED 0 AC.
(UPSTREAM FROM STRUCTURE)

22. MAXIMM FILL MEIGHT 26 .
(FROM LW POINT CN CEWTERCTAT, BEFORE EXCAVATIFG,
70 T0P OF SETTLED FILL.) 400

23. CREST LENGTH OF DA» (ALONG CENTERLINE) F1.

24. VOLWE OF FILL 23,642 u. 0.

2/ See TSC Tecnnical “ote - E~gineering UD-22.

(AT LOWEST EMERGENCY SPILLWAY URESY) -

PRINCIPAL SPILLWAY CCMDUIT FEATURES

42. MASOR POITION OF CONDUIT IS ON (CIRCLE APPLICABLE) -
ROCK OF,

43. TYPE OF EMERGY DISSIPATOR (CIRCLE
IMPACT BASIN, SAF, PLUNGE POOL,

&4, CONGUIT SIZE 2.0
LARGEST CON

DUTY TRIUGH DANT (DIKW. TN FT. TF ROUko)
HEIGHT AND WIDTH IN FT. IF NONOLITHIC) ALSD SHW
NUFSER OF BARRELS IF MALTI-BARREL

45w oF_(CIRCLE APPLICABLE) -oasn 100,
(CCOVERED TA2) HOOD INLET, METAL-OPEN YOP, NTHER

6. WEIGHT OF RISER 6.5 L
(FROM TOP OF FLOOA YO TOP OF ANTI-VOAYEX)

EPERGENCY SPILLWAY FEATURES

PLICASLE) -
OTHER

47. PRIMARY EMERGEMCY SPILLNAY TYPE (CIRCLE APPLICABLE)
CLOSED LONDYIT, OPEN CONCRETE STRUCTURE, EARTH,
SGETATED,) SOFT ROCK, MARD ROCK 3/

48. PRIMARY EFERGENCY SPILLWAY WIDTH 125 _FT.
{CREST LENGTH FOR COMCRETE)

2. 1 %
PERCERY CRANTE OF USE OF PRTARRY ERTRGERCY SPTCTWEY

1/ N. K. fen-eson, 1928, Physiography of Eastern United States, McGraw Hill Book Co., New York, N. V.

3/ Soft Rock - Rock that will erode when subjected to flowing water.
Hard Pock - Rock tnat is resistant to erosfon due to flowing water.
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CMERGENCY SPILLWAY FEATURES (CONT*D.)

sn. 4 300 CF$
AP ACTYV OF PRIVRNY ERERGENCY SPILLWAY
{WHEN PO IS AT TOP OF DAM)

5. 4.6 FT
ST¥TCPENCT TN ELEVATION BETWEEN CREST OF PRIMARY
EMEPGENCY SPILLWAY AND TOP OF DAM

52, _SECINDARY EMERGENCY SPILLWAY 1S (CEIRCLE APPLICASLE)
(NON:) EAPTH, VEGETATED, SOFT ROCK, HARD ROCK 3/

53. WIGTH OF SECONDARY EMERGEMCY SPILLWAY ——— FT.

DMIT ITEMS 56-59 IF DRAINAGE AREA 1S
LESS THAN 10 SGUARE MILES

56. BULX LENGTH OF SOFT ROCK 3/ EARTH -
OR VEGETATED SPILLWAY (SEE TR-52 rommmm‘

61. FEUERAL SHARE NF LAND BIGHTS COST § ~==~

62. ConsTRucTIom cosT s 29,271
(DOES NOT INCLUDE LANG BIGHTS, TNGINTEPING KNI
PROJECT ADMINISTRATION)

63. FEDERAL SHARE OF CONSTRUCTION 100

COST IN PERCENT %

COMPLETED STRUCTURE
64. FINAL consTRUCTION cosT s_ 3 » 614

ADDITIONAL DATA REQUIRED FOR U.S. REGISTER F Dams
S4. CPACITY OF SECONCARY ENERGENCY —== s TTTRVE BLAKK FAR DOKS LSS THAK 35 FT- TR FETGITT: ZA
ILCWAY (WHEN POOL IS AT TOP OF DAR} —
. ¢s. Shenipsit
. 55. ——= FT, POPULKR NAME OF DRV -
. NCe LtV '
I - EMERGENCY SPILLWAY AND TOP OF DA 66.
RXME OF RESERVOTR

67. nearest city or 1oow Stafford Springs

68. TYPE OF DAM IF CONCRETE (CIRCLE APPLICABLE)
BUTTRESS, ARCH, MULTI-ARCH

5 69. 1S DISCHARGE TMROUGH PRINCIPAL SPILLWAY CONTROLLED
: mr:mxcrmnm—r—zwmrmmu—- BY GAtES? No
SPILLWAY (PREDO™INANT MATERIAL AT OR NEAR SURFACE ———
70. ESTIMATED COMPLETION DATE
BEFORE T0° SOILING) (IF UWDER CONSTRUCT FOK) p
58. “rﬂmnwmmrfm:‘—:—— n. mmegr State of Connecticut |
. ———— * A P 72. ENGINEERING BY SCs —
VOLU*€ OF DUYFLOW YRROUGH VEGETATED DR TARTH 73. construcTion sy  Frank Shields
SPILLWAY (DURING PASSAGE OF FREEBOARD MYDROGRAPH) . Y
€0S DATA

WOPK PLAN
60. LAND RIGHTS cosTs_ 1,588

76. REMARKS

74, asove pATA FurnisiEn 8y _J . E. Polulech
. L 2

75. DATE DATA FURNISHED 10/75

3/ Soft Pocd - Rock that wil) erode when subjected to flowing water.
Hard Rock - Rock that §s resistant to erosion due to flowing water,
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DETAIL PHOTOGRAPHS
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Photo 1 - Top of dam viewed from right end. Truck is
parked in emergency spillway approach channel (8/21/80).

1

Photo 2 - Upstream slope of dam (8/21/80).

“US ARMY ENGINEER DIV. NEW ENGLAND
CORPS OF ENGINEERS
WALTHAM , MASS

CAHN ENGINEERS INC.
WALLINGFORD, CONN
ENGINEER

NATIONAL PROGRAM OF
INSPECTION OF
NON- FED. DAMS

Shenipsit Dam

Tr - Middle River
Stafford, CT

ce# 27 785 KC _
paTe _Sept. '80 pace_C-1 j==J
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Photo 3 - Right toe drain discharge pipe (8/21/80).

Photo 4 - Principal spillway intake structure (8/21/80).

NATIONAL PROGRAM OF
INSPECTION OF
NON- FED. DAMS

Shenipsit Dam

Tr - Middle River

Stafford, CT

ce# 27 785 KC

pate_Sept. 80 page_C-2

US ARMY ENGINEER DIV. NEW ENGLAND
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outlets to either

-~

side (8/21/80).

Photo 5 - 24" RCP principal spillway conduit and toe drain

-

Photo 6 - Emergency spillway channel, looking downstream
(8/21/80).

HUSARMYENGNEERDW.NEWENGLAND
CORPS OF ENGINEERS
WALTHAM , MASS

NATIONAL PROGRAM OF

CAHN ENGINEERS INC.
WALLINGFORD, CONN.
ENGINEER

INSPECTION OF
NON- FED. DAMS

Shenipsit Dam

Tr-Middle River

Stafford, CT

ce# 27 785 KC

paTeSept. '80 pace C-3
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Photo 7 - 12" opening in upstream face of principal spillway
intake structure (8/21/80).

Photo 8 - Large hole in surface of "waste area" (8/21/80).

US ARMY ENGINEER DIV. NEW ENGLAND

, Shenipsit Dam
CORPS OF ENGINEERS NATIONAL PROGRAM OF

WALTHAM , MASS. Tr-Middle River

INSPECTION OF Stafford, CT

CAMN ENGINEERS INC. ce# 27 785 KC
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PRELIMINARY GUIDANCE
- FOR ESTIMATING
MAXIMUM PROBABLE DISCUARGES
f IN
-

PHASE I DAM SAFETY

INVESTIGATIONS

New England Division
Corps of Engineers
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2l
3.
4,
5.

6I
7.

10.

11,
12,
13.
14,
15.

16.
17.
18.
19.
20.

21.
22,
23,
24,
25,

26.
27,
28,
29.
30.

il.
2.
33.

3.

Project

Hall Meadow Brook
East Branch
Thomaston
Northfield Brook
Black Rock

Hancock Brook
Hop Brook
Tully

Barre Falls
Conant Brook

Knightville
Littleville
Colebrook River
Mad River
Sucker Brook

Union Village
North Hartland
North Springfield
Ball Mountain
Townshend

Surry Mountain
Otter Brook
Birch Hill
East Brimfield
Westville

West Thompson
Hodges Village
Buffumville
Mansfield Hollow
West Hill

Franklin Falls
Blackwater
Hopkinton
Everett
MacDowell

MAXIMJM PROBABLE FLOOD INFLOWS

NED RESERVOIRS

Q
(cfs)

26,600
15,500
158,000
9,000
35,000

20,700
26,400
47,000
61,000
11,900

160,000
98,000
165,000
30,000
6,500

110,000
199,000
157,000
190,000
228,000

63,000
45,000
88,500
73,900
38,400

85,000
35,600
36,500
125,000
26,000

210,000
66,500
135,000
68,000
36,300

ii

D.A. MPF
(sq. mi.) cfs/sq. mi.
17.2 1,546
9.25 1,675
97.2 1,625
5.7 1,580
20.4 1,715
12.0 1,725
16.4 1,610
50.0 940
55.0 1,109
7.8 1,525
162.0 987
52.3 1,870
118.0 1,400
18.2 1,650
3.43 1,895
126.0 873
220.0 904
158.0 994
172.0 1,105
106.0(278 total) 820
100.0 630
47.0 957
175.0 505
67.5 1,095
99.5(32 net) 1,200
173.5(74 net) 1,150
31.1 1,145
26.5 1,377
159.0 786
28.0 928
1000.0 210
128.0 520
426.0 316
64.0 1,062
44.0 825




. MAXIMUM PROBABLE FLOWS
BASED ON TWICE THE
- STANDARD PROJECT FLOOD
(Flat and Coastal Areas)
- River SPF D.A. MPF
' (cfs) (sq. mi.) (cfs/sq. mi.)
1. Pawtuxet River 19,000 200 190
- 2. Mill River (R.I.) 8,500 34 500
3. Peters River (R.I.) 3,200 13 490
4, Kettle Brook 8,000 30 530
q I 5. Sudbury River. 11,700 86 270
6. Indian Brook (Hopk.) 1,000 5.9 340
7. Charles River. 6,000 184 65
. 8. Blackstone River. 43,000 416 200
9. Quinebaug River 55,000 331 330
|
' iii
b
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ESTIMATING EFFECT OF SURCHARGE STORAGE
ON MAXIMUM PROBABLE DISCHARGES

INFLOW, g,

STEP 1: Determine Peak Inflow (Qp1) from Guide
Curves.

STEP 2: a. Determine Surcharge Height To Pass
"Qp1t'.
b. Determine Volume of Surcharge
(STOR1) In Inches of Runoff.
c. Maximum Probable Flood Runoff In New
England equals Approx. 19’ Therefore:

Qp2 = Qp1 x (1 — STOR‘)
19
STEP 3: a. Determine Surcharge Height and
""'STOR2'"' To Pass ''Qp2"’
b. Average ''STOR:"' and ''STOR2'' and
Determine Average Surcharge and

Resulting Peak Outflow ""Qp3’’.
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P

SURCHARGE STORAGE ROUTING SUPPLEMENT

STEP 3: a. Determine Surcharge Height and
.‘sTORz.. To Poss C'szll

b. Avg "'STOR1'' and ''STOR2'' and
Compute ''Qpa’’.

c. If Surcharge Height for Qp3s and
""STORAvG'' agree O.K. If Not:

STEP 4: a. Determine Surcharge Height and
"*'STOR3'" To Pass "'Qps3"’

b. Avg. ""Old STORAvG'' and ''STOR3"'
and Compute ''Qpas’

c. Surcharge Height for Qpsa and

"““New STOR Avg'' should Agree
closely
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KNOWN Qp1 AND 19'" R.O.

STOR

*
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"RULE OF THUMB" GUIDANCE FOR ESTIMATING
DOWNSTREAM DAM FAILURE HYDROGRAPHS

-
: STEP |: 0eTERMINE OR ESTIMATE RESERVOIR STORAGE (S) IN AC-FT AT TIME OF FAILURE.

STEP 2: OETerMINE PEAK FAILURE OUTFLOW (Qp1)-

3
Qo = 8/27 waG_ Yo /2

Wp= BREACH WIDTH - SUGGEST VALUE NOT GREATER THAN 40% OF DAM
LENGTH ACROSS RIVER AT MID HEIGHT.

o = TOTAL HEIGHT FROM RIVER BED TO POOL LEVEL AT FAILURE.

STEP 3: usinG uscs TOPO OR OTHER DATA, DEVELOP REPRESENTATIVE STAGE-DISCHARGE
RATING FOR SELECTED DOWNSTREAM RIVER REACH.

STEP 4: estime reacH 0UTFLOW (Qp) USING FOLLOWING ITERATION,

A. APPLY Qp) TO STAGE RATING, DETERMINE STAGE AND ACCOPMANYING
VOLUME (V;) IN REACH IN AC-FT. (NOTE: IF Vq EXCEEDS 1/2 OF S,
SELECT SHORTER REACH.)

B. DETERMINE TRIAL Q. *
Qp, (TRIAL) = Qp, (1-§) E

C. COMPUTE V, USING Q, (TRIAL). .
AVERAGE Vy AND V, AND COMPUTE Q. .

Qp, = Qp, (11— 4@
STEP S: ror succeeoIne REACHES REPEAT STEPS 3 AND 4.

APRIL 1978 -
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APPENDIX E

INFORMATION AS CONTAINED IN
THE NATIONAL INVENTORY OF DAMS
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NOT AVAILABLE AT THIS TIME
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